essential amino acids in plasma; moles/100 g of lysine, valine, leucine and isoleucine were also reduced (P< .005 ). Moles/lO0 g of methionine in plasma were increased significantly by methionine infusion, but nitrogen retention was not affected (P>.10). The grams digestible protein to megacalorie digestible energy (DE) ratio was 36.6, 35.9 and 32.4 for CBG, F-CBG and F-CBG + glucose, respectively. The decrease (36.6 to 32.4) resuhed in increased nitrogen retained (P<.05), increased percentage nitrogen intake retained (P<.05) and increased percentage digested nitrogen retained (P<.O1). Urinary nitrogen excretion was lower (P<.01)in wethers receiving the F-CBG + glucose treatment: than in those receiving the F-CBG treatment (3.60 vs 5.09 g/day). Effects of formaldehyde treatment of CBG and rumen infusion of monensin on quantities of various crude protein (CP) components reaching the abomasum were also determined in a 4 x 4 Latin square design experiment. Total CP reaching the abomasum increased (P<.01) with formaldehyde treatment and resulted in increased quantities of amino acids reaching the abomasum (P<.05). Monensin had no effect on these two parameters, and no interaction between monensin and formaldehyde was observed. Dietary CP reaching the abomasum increased with formaldehyde treatment (P<.005) and with infusion of monensin (P<.025). Total microbial protein (MP) and MP reaching the abomasum per 100 g dry matter digested were not influenced by either formaldehyde or monensin. (Key Words: Coastal Bermudagrass, Formaldehyde, Glucose, Methionine, Nitrogen Balance, Microbial Protein.) J Part of a thesis submitted by C. K. Moore to the Graduate College, Univ. of Georgia, toward partial fulfillment of the requirement for the M. S. degree. 2Present address: Dept. of Anita. Sci., Univ. of Georgia, Athens 30602.
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I ntrodu ct ion
Methods have been investigated that enable part of the dietary protein to pass through the rumen unchanged by microbial activity, thereby increasing the quantity of protein available for digestion and postruminal absorption. Some of these treatments include tannin (Driedger and Hatfield, 1972) , heat (Chalmers et al., 1954) and formaldehyde (Barry and Fennessey 1973; Amos et al., 1976) . Formaldehyde treatment decreased rumen degradation of forage protein (Barry, 1973; Barry and Fennessey, 1973 ; 1145 JOURNAL OF ANIMAL SCIENCE, VoL 50, No. 6, 1980 Dinius et al., 1975) . Amos et al. (1976) showed linear increases in the quantities of essential and nonessential amino acids reaching the abomasum and quantity of protein digested as level of formaldehyde treatment of Coastal bermudagrass hay increased from .0 to .5, 1.0 and 1.5% of the forage dry matter. However, in that work, no increase in nitrogen retention of growing wethers was reported. Recently, Van Nevel and Demeyer (1977) reported that monensin alters protein digestibility in the rumen by decreasing protein degradation and rumen ammonia levels, and Poos et al. (1979) reported that monensin increased the quantity of plant nitrogen escaping rumen degradation in steers.
The tureen bypass of certain types of metabolizable energy may enhance both protein and energy utilization. Huber et aL (1961a, b) and Wright et al. (1966) showed that starch Was more efficiently utilized when infused into the abomasum than when placed into the rumen. Potter et aL (1968) observed decreased plasma amino acid levels in sheep after the infusion of glucose into the carotid artery, suggesting increased amino acid utilization when glucose was infused.
The present study was conducted to determine the effects of: (1) formaldehyde treatment of Coastal bermudagrass and abomasal infusion of methionine and (or) glucose on nitrogen balance, wool growth and plasma amino acids in wethers and (2) formaldehyde treatment of Coastal bermudagrass and ruminal infusions of monensin on the quantities of forage and microbial protein and amino acids reaching the abornasum of mature wethers daily.
Experimental Procedure

Exp. I. Nitrogen Balance of Wetbers. A 5 x
5 Latin square nitrogen balance experiment was conducted with growing wethers (21 kg) fitted with abomasal cannulas (Driedger et al,, 1970) to determine the effects on nitrogen balance of abomasally infusing methionine and(or) glucose. The wethers were housed in metabolism crates and fed twice daily. Diets consisted of 710 g of either Coastal bermudagrass (CBG) (Coastal, hay, S-C, immature; IRN, 1-00-713) or four formaldehyde-treated Coastal bermudagrass (F-CBG) hay diets. Diets were prepared by grinding of the hay through an 18.6-ram hammer mill screen. The ground hay was divided into two lots. Lot 1 (CBG) was the control diet. Lot 2 was sprayed with formaldehyde to provide a 1% formaldehyde treatment on a w/w basis and air dried for 48 hours. Both lots of hay were pelleted through a 6.2-mm die. The five treatments were: (1) CBG + 500 ml water (control), (2) F-CBG + 500 ml water, (3) F-CBG + methionine (3 g daily), (4) F-CBG + glucose (96 g daily) and (5) F-CBG + glucose + methionine (96 g glucose + 3 g methionine daily). Methionine and glucose were dissolved in 500 ml of water and infused into the abomasum at a constant rate (20.8 ml/hr). A 6-day preliminary period preceded a 5-day fecal and urine collection period. The 5-day collection period was chosen on the basis of the results of White et al. (1973) . Wethers were removed from the metabolism crates and rested for 2 days after each collection period. During collection, 10% aliquots of daily feces and urine were collected. Daily fecal and urine collections and feed samples taken during the collection period were composited and analyzed for nitrogen (AOAC, 1970) .
Wool growth during the preliminary and collection periods (12 days) was measured. Wool patches measuring 100 cm 2 from each side of the wether posterior to the last rib were clipped at the start of the experiment and on the last day of the collection period. Wool samples were placed in cellulose thimbles and cleaned by refluxing with diethyl ether for 24 hr and deionized water for 4 hours. Both extractions were made in glass soxhlets. Cleaned samples were then dried and weighed.
Blood samples were taken by jugular puncture in preheparinized blood tubes on the last day of the collection period. Samples were taken at 0, 2, 4 and 6 hr after the morning feeding. Plasma was separated by centrifugation at 5,000 x g for 30 minutes. Plasma samples were composited (2 ml from each sampling time), deproteinized with 5% sulfosalicylic acid and centrifuged at 20,000 x g for 20 minutes. The supernatant was decanted and analyzed for amino acids (Moore et al., 1958) . Plasma glucose was determined by the glucose oxidase procedure described by Teller (1956) . Gross energy (GE) in feed and feces was determined by bomb calorimetry (AOAC, 1970) .
Data were subjected to analysis of variance for determination of treatment differences (Steel and Torrie, 1960) , and treatment means were separated by the single degree of freedom contrasts given by Winer (1971) . Nonorthogonal contrasts made were: (A) CBG vs F-CBG; (B) F-CBG vs F-CBG + infusions (methionine, glucose and methionine + glucose); (C) F-CBG vs F-CBG + glucose, and (D) F-CBG vs F-CBG + methionine.
Exp. 2. Abomasal Collection Trial. A 4 x 4
Latin square with mature wethers (70 kg) fitted with ruminal and abomasal cannulas was used to determine effects of formaldehyde treatment of Coastal bermudagrass hay and ruminal infusion of monensin on daily quantities of abomasal protein and amino acids, rumen microbial protein synthesis and cellulose digestion. Diets (400 g) were fed twice daily and consisted of two pelleted Coastal bermudagrass diets (CBG and F-CBG). Diets were prepared as described in Exp. 1. Daily treatments were: (1) CBG; (2) CBG + .1332 g monensin; (3) F-CBG and (4) F-CBG + .1332 g monensin. The monensin solid contained 66 g monensin sodium/kg. Monensin was suspended in 50 ml water and infused through the rumen cannula during the morning feeding.
Lignin and polyethylene glycol (PEG) were used as markers to follow passage of solid and liquid digesta respectively, to the abomasum. PEG (5 g/50 ml water) was infused into the rumen at each feeding. After a 20-day preliminary period, abomasal digesta were collected for 6 days. Abomasal samples were taken at 0, 2, 4, 6, 8 and 10 hr after the morning feeding for 6 consecutive days and at O, 4 and 8 hr after the evening feeding on days 1, 3 and 5. Aliquots were taken from each sample and composited for analyses. Particulate and liquid digesta phases in the composite were separated by centrifugation at 1,000 x g for 20 minutes. Particulate digesta were washed twice with water, frozen in dry ice and lyophilized. This particulate phase was analyzed for nitrogen (AOAC), 1970), 72% H2SO4 lignin, acid detergent fiber and cellulose (Van Soest, 1963) . Two cellulose analyses were conducted. The first was by difference from the ADF determination (i.e, weight loss from the 72% H2SO4 treatment of ADF; Van Soest, 1963) ; the second was a "true" cellulose determination (Sullivan, 1964) . Liquid digesta were analyzed for total nitrogen and ammonia (AOAC, 1970) and PEG (Ulyatt, 1957) . Portions of liquid and particulate digesta were hydrolyzed by refluxing in 6N HC1 under nitrogen for 24 hr, and amino acids in the hydrolysates were determined as described by Moore et al. (1958) . Particulate matter reaching the abomasum daily was determined by lignin ratios, i.e, by comparison of lignin in the diet to lignin in the particulate abomasal digesta. Total volume of liquid abomasal digesta was determined from the dilution of the PEG infused into the rumen.
Rumen samples were taken after each collection period. Feed particles and large protozoa were separated by centrifugation at 700 x g for 2 minutes. Rumen bacteria were separated from the supernatant by the washed cell procedure of Cheng et al. (1955) . Microbial protein synthesis was determined from the recovery of diaminopimelic acid (DAP) in abomasal digesta compared to DAP in a known quantity of microbial protein. For DAP analyses, aliquots of hydrolysates prepared for amino acid analysis were dried (60 C) under reduced pressure (30 mm Hg) and oxidized with performic acid (Moore et al., 1958) to assure separation of DAP and methionine. DAP in the oxidized samples was determined as described by lbrahim et al. (1970) . Data were analyzed by the analysis of variance for a 2 x 2 factorial experiment (Steel and Torrie, 1960) . The three treatment degrees of freedom were separated into: (1) formaldehyde effect: (2) Monensin effect and (3) formaldehyde x monensin interaction.
Results and Discussion
Exp. I, Nitrogen intakes averaged 16.3 g per day, resulting from an average of 13.9% crude protein (CP) in the CBG diets (table 1). Fecal nitrogen was not affected by treatment (P>.IO) but was numerically higher for animals fed the F-CBG diets than for those fed the CBG diet. Possibly, formaldehyde protected the CBG protein in the rumen but also decreased postruminal digestion of the protein. Urinary nitrogen decreased (P<.O05) with formaldehyde treatment. This decrease was probably due to the increased protection of forage protein from rumen degradation and decreased ammonia absorption from the rumen, but it could have been related to the nonsignificant decrease in protein digestibility. Similar results were obtained by Amos et al. (1976) , who reported a linear decrease in urinary nitrogen with sheep fed diets of CBG treated with .0, .5, 1.0 and 1.5% formaldehyde. Urinary nitrogen also decreased (P<.O1) with infusion of glucose. This decrease was accompanied by increases in nitrogen retained (P<.05), percentage nitrogen intake retained (P<.05) and percent- age digested nitrogen retained (P<.01). These increases suggest increased nitrogen utilization for protein synthesis due to addition of available energy from glucose. Formaldehyde treatment also significantly increased percentage digested nitrogen retained.. These results agree with those obtained by Amos et al. (1976) , who reported a significant linear increase in percentage digested nitrogen retained with .0, .5, 1.0 and 1.5% levels of formaldehyde. Addition of methionine had no effect on nitrogen retention or nitrogen utilization (P>.10). These data indicate that methionine was not deficient under the experimental conditions and therefore, was not a factor limiting nitrogen utilization by wethers fed formaldehyde-treated Coastal bermudagrass. Plasma glucose levels were not significantly affected by any of the treatments but tended to be higher in wethers receiving methionine or methionine plus glucose infusions (table 2). Wool growth was not affected by formaldehyde treatment (P>.10) but was decreased by infusion of glucose. From this study, it cannot be determined whether this decreased incorporation of protein into wool was due to an increased incorporation of protein into muscle. Infusions of methionine did not affect wool growth. This also indicates that F-CBG provided adequate methionine to the wethers. Table 3 shows that feeding F-CBG decreased the proportions (moles/100 g) lysine (P<.005), threonine (P<.05) and isoleucine (P<.05) and increased valine (P<.005) and leucine (P<.01). Infusion of glucose resulted in decreased lysine, valine, isoleucine and leucine (P<.005) and threonine (P<.05). Methionine concentration increased (P<.01) with methionine infusion. This observation suggests that the F-CBG diet provided adequate methionine and that the amount infused was in excess of requirement. Total essential amino acids also decreased with the infusion of glucose. Similar results have been obtained by other researchers. Potter et al. (1968) and Tao and Asplund (1975) reported a decrease in essential amino acids in the plasma with the intraarterial infusion of glucose. It may be possible that when additional metabolizable energy is provided in the form of glucose to a diet deficient in digestible energy (DE), tissue protein synthesis is enhanced and plasma amino acids are decreased because of an increased insulin release. Tao and Asplund (1975) reported that amino acid uptake by cells increased with increasing levels of glucose. In the present study, the decreases in plasma amino acids were also associated with increased nitrogen retention (table 1), indicating that a deficiency of metabolizable energy limited nitrogen utilization by wethers fed the F-CBG diet. These results may also explain why Amos et al. (1976) did not observe increased nitrogen retention in wethers fed formaldehyde-treated CBG even though the quantity of protein digested was increased 1.5 times.
Infusing 96 g of glucose increased GE intake by .365 Mcal/day and resulted in slight increases in DE (table 4) . Apparent digestibility coefficients (ADC) of GE were 54.03 for the F-CBG diet and 55.1 and 52.7 for the glucose infusions. The ADC in each instance was calculated with energy from glucose infusions considered as a portion of GE intake. Grams of protein digested by the animal per day are tabulated according to both the nitrogen balance trial data and data calculated from the abomasal digesta collection (table 4). Data were adjusted for differences in intake between the nitrogen balance and abomasal collection studies. In the nitrogen balance trial, protein digested was calculated as nitrogen intake minus fecal nitrogen. No effect due to treatment was noted (P>.10). Digested protein calculated from the abomasal digesta collection trial (total CP reaching the abomasum • ADC for protein from the nitrogen balance trial) showed increases due to formaldehyde treatment (P<.005). These increases resulted from increased passage of forage protein to the abomasum and increased utilization of the nitrogen recycled into the rumen. This latter calculation was used in an attempt to estimate more clearly the total CP digested and absorbed from the small intestine. Purser (1970) reported that normal balance data do not account for nitrogen recycling and utilization in the rumen. Nonammonia CP digested increased (P<.005) with additions of formaldehyde. This latter value was calculated as total CP reaching the abomasum minus ammonia present in the liquid abomasal digesta. Other than CP present as nucleic acids, it should closely represent the amount of protein available to the animal. Digestible protein to DE ratios (table 4) were calculated as CP digested (g) -DE (Mcal). According to Preston (1966) , the ideal digestible protein to DE ratio for lambs and calves is 20 to 22 grams/megacalorie. Due to low digestibility of dry matter in Coastal bermudagrass, DE The digestible protein to DE ratio for CBG (36.6) was more than 1.5 times the value proposed by Preston (1966 Table 5 gives a summary of abomasal CP metabolism of wethers fed CBG or F-CBG and ruminally infused with monensin. Daily CP intakes averaged 108.68 g, resulting from an average of 13.6% CP in the diets. CP increased (P<.05) in particulate digesta with formaldehyde treatment, supporting the data of Amos et al. (1976) , but CP recovered in the liquid phase was not affected (P>.10). Total CP recovered in abomasal digesta increased (P<.10) and nonammonia CP increased (P<.05) with formaldehyde treatment of CBG. Amos et al. (1976) also found that CP reaching the abomasum increased as level of formaldehyde increased to 1.5%. Increases in CP reaching the abomasum are due to decreased degradation of forage protein by rumen microorganisms during ruminoreticular fermentation. No differences in ammonia reaching the abomasum due to treatment were observed, nor were any monensin effects detected.
Amounts of amino acids reaching the abomasum in wethers fed CBG and F-CBG and ruminally infused with monensin are shown in table 6. Amino acids increased by formaldehyde treatment were: arginine (P<.07), threonine (P<.O1), valine (P<.07), leucine (P<.07) and total sulfur amino acids (P<.10). Formaldehyde treatment increased total essen- i o e~ tm tial amino acids (P<.10) and total nonessential amino acids (P<.05). Monensin had no effect on quantity of amino acids reaching the abomasum.
Apparent digestibility coefficients of certain components of CBG prior to the abomasum are shown in table 7. Average dry matter digestibility was 50.15% for all treatments, and no difference (P>.10) was noted due to either formaldehyde or monensin. Cellulose digestibility was not affected by the treatments (P>.IO). No difference was noted in ADC of cellulose by either analytical method. ADF digestibilities averaged 48.55%, and neither monensin nor formaldehyde treatment affected digestibility (P> .10). Table 8 shows that microbial protein reaching the abomasum ranged from 48.00 to 54.98 g/day and was not affected by treatment. Hogan and Phillipson (1960) showed that from 6.25 to 12.5 g of endogenous protein were secreted into the abomasum daily. By subtracting the higher value and the microbial protein from the nonammonia CP, we estimated the quantity of dietary protein reaching the abomasum. Using this technique, we noted a significant change in the total dietary CP reaching the abomasum, from the lowest value of 12.42 for CBG to the highest value of 43.66 for F-CBG + monensin. Amos et al. (1976) also found that forage protein reaching the abomasum increased after formaldehyde treatment. The quantity of dietary CP reaching the abomasum increased (P<.025) with the addition of monensin. The monensin effect is in agreement with the data of Poos et al. (1979) and may be the result of the "protein-sparing" effect reported by Van Nevel and Demeyer (1977) .
No change due to treatment (P>.10) was noted in grams microbial protein/100 g dry matter digested.
This study has shown that the amount of protein reaching the abomasum can be increased by treatment of CBG with 1% formaldehyde. Only small, nonsignificant decreases in CP digestibility were observed at this formaldehyde treatment level. Addition of glucose (a readily metabolizable energy source) enhanced utilization of this increased protein available to the animal for growth and production. Methionine did not limit utilization of amino acids provided by F-CBG. Monensin was of some benefit in decreasing rumen microbial degradation of forage protein.
